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Abstract—This paper presents a project developed with the 
aim of promoting emotional skills in children with Autism 
Spectrum Disorders (ASD). The project involves a serious 
game and a playware object, which is a physical component 
that allows the user to interactively play the serious game. The 
playware object has six buttons, each one showing an emoji 
with a specific facial expression and communicates via 
Bluetooth with the serious game app installed in an Android 
device. The facial expressions used are: happiness, sadness, 
fear, anger, surprise and neutral/normal. They were applied to 
the three game activities (imitation, recognition and 
storytelling). The chain of tests started with an online 
questionnaire to validate the avatars created to represent the 
previously mentioned facial expressions in the game, which 
was followed by a usability test of the application (serious game 
and playware object) with six typically developing children. 
Finally, the three game activities were tested with six children 
with ASD in three/four sessions. Due to the small test group 
and reduced number of sessions, the primary objective was to 
assess if the target group accepted the application. In fact, it 
had a high level of approval regarding both the serious game 
and the playware object. 
Keywords - Serious Games; Playware; Autism Spectrum 
Disorder; Emotions. 
I.  INTRODUCTION 
Humans are social by nature. Every interaction is 
emphasized by the participants’ emotions, which are 
constantly present during their lives. Being unable of 
“reading” the emotional state of their peers is a very 
significant deficit for anyone. This is the situation in which 
children with Autism Spectrum Disorder (ASD) usually find 
themselves in, since they struggle with emotions 
interpretation, replication and control. This fact is present 
throughout their lives but may have a reduced effect if the 
subject undergoes behavioural intervention and/or receives 
specialized education. 
Several works have been developed in areas, such as 
robotics and software engineering, in the form of serious 
games [1]–[6], playware technology [7]–[11] and robots 
[12]–[19], among others, with the aim of facilitating the 
assimilation and improvement of emotional skills by children 
with ASD. 
Playware is the term attributed to the use of intelligent 
technology that aims at producing playful experiences by 
combining the use of both hardware and software [7]. 
This project integrates playware and serious games with 
the objective of delivering an interactive and appellative 
serious game to the user, allowing him/her to improve 
his/her socio-emotional skills.  
This article is divided into four sections: Section 2 
addresses the application, presenting the playware object and 
the serious game, Section 3 focus on the obtained results and 
Section 4 presents the concluding thoughts. 
II. THE APPLICATION 
The application is composed of a serious game and a 
playware object. The goal was creating a serious game to 
deliver the information in a “funny” way. A playware object 
was added with the aim of making the game even more 
attractive and interactive, working as a reinforcement. 
 
A. Playware Object 
A playware object was created for this project to act as 
the intermediary between the user and the Android device 
(Fig. 1).  
 
 
Figure 1. The playware object that acts as the game controller 
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The style chosen for the playware was a panel of six 
buttons, which is simple, making it easy to assimilate 
information, acting as an intuitive controller. Furthermore, 
the fact that all six buttons are visible at once facilitates the 
task of going through the facial expressions available to 
choose from and decide upon the one that the user finds 
more appropriate. 
The playware object integrates a microcontroller, which 
detects which button was pressed and sends the respective 
signal to the serious game wirelessly through a Bluetooth 
module. 
 
B. Serious Game 
The serious game is the core of the application, because it 
is where all the information is centred. It was developed for 
Android and, during the test phase, it was played in an 
Android tablet. Upon the start, the serious game opens the 
main screen, i.e., the menu (Fig. 2, in Portuguese). From the 
menu, the user can choose one of the three game modes to 
play (imitation, recognition or storytelling), access the 
options menu (to adjust the volume, start the Bluetooth 
connection or access the scoreboard) or quit the game. 
 
 
Figure 2. The serious game main menu (in Portuguese) – Imitation, 
Recognition, Storytelling and Options buttons respectively. 
 
 
Visually, the serious game has a very simplistic and clean 
design, not only in the main menu, but also throughout the 
game itself, so the users’ attention will not change its focus 
towards unnecessary features. 
Note that the chosen game language is Portuguese, due to 
the target group. 
 
1) Imitation game mode 
In this game mode, several different facial expressions 
displayed by the avatar are presented to the user, one at a 
time. After stating what emotion is being displayed, the user 
him/herself replicates that emotion. This set of instructions is 
given to the user in a pre-game screen, designed for this 
purpose. 
The game is played side by side with a therapist/teacher 
that acts as a reinforcement to motivate the user to show the 
facial expression that matches each emotion. This agent has 
also the role of evaluating if the correct facial expression is 
replicated and sending the respective feedback to the serious 
game.  
2) Recognition game mode 
The instruction screen tells the user how to perform this 
game mode, which he/she does using the playware object.  
The same set of images (avatars) is presented to the 
player, but the task is different. In this case, the user looks at 
the display, identifies the emotion that the avatar is 
portraying and chooses the emoji present in the playware 
object that more accurately shows that emotion.  
3) Storytelling game mode 
This is the hardest of all three game activities. 
Throughout the exhibition of 15 images, each displaying a 
unique scenario with its own narrative, the user listens to the 
story and, at the end, he/she is prompted to tell what emotion 
the main character was feeling in that specific situation. 
The answer is transmitted to the serious game in the same 
manner used in the recognition game mode, i.e., by the user, 
through the playware object. 
III. RESULTS 
The first test that was performed had the objective of 
validating the avatars (Fig. 3) that were created to represent 
each of the six previously mentioned facial expressions. This 
was possible to achieve due to an on-line questionnaire that 
was developed for this purpose. After 114 submissions, all 
avatars had an accuracy of over 90% for the emotion that 
they meant to portrait. The values were: fear – 94.7%, 
surprise – 93%, neutral – 95.6%, happiness – 99.1%, sadness 
– 98.2% and anger – 99.1%. 
A usability test of the application was then performed 
with six typically developing children that were asked to 
look at the avatars and say what emotion they were 
representing. After, they looked at the emojis and chose the 
one that they felt matched that emotion.  
It is worth to point out that only two of the six children 
did not answer correctly to all questions (each failed one 
emotion). 
 
 
Figure 3. Avatars used in the serious game 
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The last round of tests was performed over the course of 
a maximum of four sessions with children with ASD, with 
ages ranging between 6 to 10 years old, where data was 
saved considering the time they took to answer and if that 
answer was correct or not. For the purpose of anonymity, the 
children will be referred as subject 1 to 6 (or S1 to S6). 
 
A. Subject 1 
The teachers considered that the two activities, recognize 
and imitate facial expressions, would be easy for Subject 1. 
On the other hand, the storytelling game would be 
challenging for her.  
In fact, as it is visible in Figures 4 to 6, both the imitation 
activity, as well as the recognition activity were executed 
flawlessly, and it is possible to see a significant increase in 
the percentage of correct answers between both sessions for 
the storytelling game mode. 
It is to note that subject 1 was highly participative and 
stated that she enjoyed these activities very much. 
 
 
 
 
Figure 4. Results for the imitation activity from S1 
 
 
 
 
Figure 5. Results for the recognition activity from S1 
 
Figure 6. Results for the storytelling activity from S1 
B. Subject 2 
Subject 2 demonstrated a good understanding of the 
game and it is clearly visible the improvement in both time 
and percentage of correct answers for the recognition activity 
(Fig. 7).  
The imitation game mode was slightly more difficult, but 
S2 was able to identify emotions and replicate them, for the 
most part (Fig. 8). 
The storytelling activity was by far the hardest (Fig. 9), 
which was expected. It should also be mentioned that even 
though the number of correct answers for this game mode 
improved in the second session, the therapist needed to be 
more interventive, which did not happen for the two other 
game modes, in any of the sessions. 
 
Figure 7. Results for the recognition activity from S2 
 
 
Figure 8. Results for the imitation activity from S2 
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Figure 9. Results for the storytelling activity from S2 
C. Subject 3 
This child had already studied emotions before and was 
very participative, which contributed to the good 
performance demonstrated and visible in Figures 10 to 12. 
The main issue was the “fear” of giving wrong answers, 
something that was more present in the last sessions and 
even led him to quit the activity. 
Improvements are very visible, especially in the first two 
game modes.  
The storytelling activity is a particular case, because the 
data gathered from session 1 is only regarding seven 
answers. Subject 3 quit the activity at that point and only 
completed all the fifteen stories on the second session.  
 
Figure 10. Results for the imitation activity from S3 
 
Figure 11. Results for the recognition activity from S3 
 
Figure 12. Results for the storytelling activity from S3 
 
D. Subject 4 
Subject 4 was very young and had a lot of difficulties 
playing the game in a correct manner. 
Most of the time he was distracted, focusing on the 
screen of the Android device and trying to touch the avatar 
face. He could not replicate emotions and did not show any 
interest in doing so, which led that activity to fail completely.  
The recognition game mode followed similar steps. The 
therapist had to intervene in the session trying to obtain an 
answer from the child, which was almost always the wrong 
one.  
Since both the imitation and the recognition activities 
were unsuccessful, the conclusion was that there was no 
point in keep trying during further sessions, because he 
would not engage in the activity, due to the lack of attention 
demonstrated. 
 
E. Subject 5 
This child was very participative and autonomous, stating 
more than once that the game was interesting and funny to 
play. 
Her main difficulty was interpreting emotions, especially 
when those emotions were shown by the emojis. 
In the imitation game mode, she had an easier time 
replicating the facial expressions than identifying emotions 
(Fig. 13).  
Similarly to the imitation activity, the recognition game 
was played during all four sessions. The results are visible in 
Fig.14 and show an improvement in the number of correct 
answers, even though interlinked with an increase in 
response time. 
The storytelling activity was the one where she showed 
more difficulties (Fig. 15), what was expected since she 
would have to interpret specific situations and have a deeper 
knowledge regarding emotions.  
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Figure 13. Results for the imitation activity from S5 
 
Figure 14. Results for the recognition activity from S5 
 
Figure 15. Results for the storytelling activity from S5 
F. Subject 6 
No data was gathered regarding subject 6 because he did 
not engage in the activity at all.  
The lack of attention was the main issue. This child went 
into the room and shifted his focus between everyone and 
everything around him. Furthermore, he could not 
understand the game or even pay attention to the application 
long enough to start playing.  
 
IV. CONCLUSIONS 
This paper presented the work developed using a serious 
game and a playware object, aimed at improving the socio-
emotional skills of children with ASD. The main goal was to 
determine if this application would be well accepted by the 
target group and its impact in teaching and/or facilitating the 
learning of emotions. 
After testing it first with six typically developing children 
and later with six children with ASD (these ones during four 
sessions), it was noticeable that both the playware and the 
serious game are intuitive, attractive, and easy to use. The 
entire application was well received and even though the 
sample size was too small, improvements were visible, 
indicating that this type of tool could act as a mediator in the 
learning of emotional skills. 
Future work with the application will be based on more 
testing, with a larger group and over a larger period. This 
type of testing allows for a better support and provides more 
reliability to the results and respective conclusions, 
consequently determining if this type of tool really acts as a 
facilitator in the learning of social skills. There is also a high 
possibility of integrating this application with other works 
developed by the group Robótica-Autismo (http://robotica-
autismo.dei.uminho.pt/) which would involve humanoid 
robots like ZECA [15] 
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